This paper deals with the sizing of a simple but efficient grid-connected photovoltaic (GCPV) system to minimize the difference between the electrical energy generated by the GCPV system and the required energy. It provides a technical sizing procedure based on an iterative approach for meeting specific amount of GWh output required by a future PV system considered for Kuwait. The iterative sizing algorithm has been implemented to determine the configuration of the PV array, actual rated output power with its relative energy, area of the array and efficiency of the system using an existing PV module and inverter database. Consequently the size of the array has been estimated based on a particular PV module and inverter combination. Optimum inverter-to-PV array sizing factor for a gridconnected PV system was determined in terms of the total system output.
Introduction
One of the primary concerns in designing any PV system is the determination of the correct size of the PV array or panel to supply a required unit of energy at a specified reliability [1] [2] [3] . It is appropriate to use monthly and annually averaged solar radiations (SR) to determine array capacity because of the influence of the dynamic behaviour of the PV system and the stochastic nature of SR on the required array capacity. Therefore, it is normal that the design should be done on meteorological data, SR and on the exact load profile of consumers over long periods. It is very important to be able to predict as accurately as possible the annual energy delivered by the system in order to decide whether it makes economic sense [4] . Other specifications, such as voltages, currents, etc, need to be satisfied as well, but the monthly and annually averaged SR provides a good starting point to GCPV system sizing. The sizing process is to meet a desired amount of output energy in kWh required from the GCPV system and its objective is to minimize the difference between the electrical energy generated by the GCPV system and the required energy.
The sizing process is based on a manual approach. This approach is based on an iterative algorithm and is called sizing algorithm using iterative manual approach (SAIMA). Using this approach, a system designer will select a PV module and an inverter from a list of PV modules and inverters before trying to match the PV module and inverter characteristics. The algorithm then computes the PV panel or array size with its configuration, as well as the electrical data of the prospective system. If the PV panel or array matches the inverter characteristics, the sizing procedure has reached its optimal configuration. Otherwise, the same procedure is repeated after selecting another combination of a PV module and an inverter.
The SAIMA algorithm has been implemented in MATLAB for convenience. Fig. 1 shows the main stages of the procedure to satisfy the conditions of SAIMA. The most frequently asked questions in the sizing process are:
Calculation of PV Outputs
The electrical energy produced by a PV array is estimated using data from the monthly averaged SR on the horizontal plane, ambient temperature and the electrical data sheet of the PV module given by the manufacturer. These ratings are also used as inputs to the sizing process. The first step of SAIMA is to estimate the rated power, (P array ) dc, of the proposed PV array taking into consideration the following constraints:  All the PV system is designed under standard test conditions (STC).  A PV module and an inverter may only be selected from a specified list for the proposed GCPV system (see Table 1 ). The electrical energy required, (Energy) r (GWh/yr), will normally be specified by the investor; in our case, (Energy) r = 200 GWh/yr  is the conversion efficiency from dc to ac according to inverter efficiency, dc cabling, temperature impact and module mismatch (select conv.
Assuming S H to be equal to 5.64 kWh/m 2 /day (Kuwait annual averaged SR) and S s (SR at PV cell level under STC) as 1 kW/m 2 [5, 6] yields the estimated rated power, (P array ) dc , to be equal to approximately 100 MW.
The second step is to determine the expected output voltages from the PV array such as the maximum value of the PV module open-circuit voltage, E oc (max), the minimum voltage at maximum power of the PV module, E PV (min), and the maximum voltage at maximum power of the PV module, E PV (max). Therefore, the maximum voltage at maximum power of the PV module,
where E STC (max) is the voltage at maximum power of the PV module at STC in volts, T Emax is the temperature coefficient for maximum power voltage in % per °C, t cmin is the recorded minimum effective cell temperature of the PV panel at site in °C (set t cmin =21 °C), and t STC is the module temperature at STC in °C.
The minimum voltage at maximum power of the PV module is 
where E oc is the open-circuit voltage of the module at STC, T Eoc is the temperature coefficient for opencircuit voltage in % per °C. The maximum percentage allowable of voltage drop across the dc cables, as specified in the GCC (Gulf Council Countries) standard, is equal to 7.5%. Applying this percentage, we can correct the voltage given by (6) 
Inverter Sizing Using SAIMA
There are three criteria that can be used to decide on the type and number of the inverters [7] : maximum admissible input voltage, E inv (max) ad , minimum admissible input voltage, E inv (min) ad and the current compatibility. The design of inverters will impose how to wire the PV modules together. If the maximum input voltage of the inverter, E inv (max) ad , is less than the PV output voltage, E PV (max), the inverter will be damaged. Moreover, as the PV voltages in series are added, the value of E inv (max) ad will therefore determine the maximum number of modules in series. As the currents are added when strings are in parallel, the value of the input current of the inverter, I inv , will determine the maximum number of parallel strings. In order to determine the number of panels connected within the whole array, the value of the maximum output power of the PV array, (P array ) dc , should not exceed the maximum allowable power of the connected inverters. The SAIMA algorithm has been applied to the particular GCPV system so that all three criteria can be satisfied.
First, the admissible input voltage limits of the inverter, E inv (max) ad and E inv (min) ad , are calculated. The maximum admissible input voltage of the inverter, E inv (max) ad , can be computed using
where E inv (max) is the maximum input voltage of the inverter in volts and inv.  as equals to 14 %).
Panel or Array Sizing Using SAIMA
A GCPV system consists of a number of panels (an array), which are normally mounted on a horizontal surface. A small increase or decrease in the size of the solar PV system can result in substantial differences in the outputs and return on investment of the system. Once we know the size of the solar PV array we can use any leading enterprise resource planning software to calculate the output of the array and the whole system in kWh (kilowatt hours). These calculations take into consideration the number of series and parallel PV modules, output voltages and currents, size of the inverter and some other factors, such as the orientation of the collectors and the percentage of the shaded area of the panels (over shading), to produce a conservative figure. Again, SAIMA can be implemented to compute the maximum number of parallel strings, n p , as well as the maximum, n s (max), and minimum, n s (min), number of PV modules per string that satisfy the inverter voltage and current limits. These limits are subject to the following criteria: a. n s (mp) and n s (oc) are rounded down to the nearest integer, b. Consequently, the maximum number of parallel strings in the proposed PV array, n p , will be computed as follows The PV array can take many configurations because n s may take two possibilities due to n s (min) and n s (max). Any PV array configuration will be discarded if it is not agreed with the following condition: 1) n t (cal) > n t (exp) 2) I cal < I inv (max)
3) E cal < E sys where n t (exp) is the total number of expected PV modules for the proposed system and it is calculated by       array array dc maxp exp t n P P  (18)
Important Sizing Parameters Calculated Using SAIMA
There are some important parameters that may affect the sizing of the GCPV system, such as the actual capacity of the PV array, (P array ) act , expected annual energy output in GWh/yr, (Energy) exp , inverter-to-PV array sizing factor, Sf (Sf min < Sf < Sf max , for the GCC countries, Sf max is 0.85 and Sf min is 0.65) and the excess factor, Ef. These values have to be calculated for all array configurations that were selected using the procedure detailed in the previous section. The following equations are used to compute the required sizing parameters.
(P array ) act = n t (cal)(P array ) maxp (MWp) After determining all these data, then the array configuration which yields the highest Sf will be selected as the final design solution. Thereafter, the area of one panel, A panel , can be estimated using
where A m is the area of one PV module in m 2 .
Results and Discussion
The interactions between modules, inverters and the PV array have been explored and the sizing results of SAIMA have been investigated using different PV modules and inverters. The impact of the PV panel-layout is presented in Table 2 . According to the input of SAIMA (five different types of both modules and inverters were used), it is clear that the combination of Type 3 (Sharp SKK-300 monocrystal SMC-PV module and Sunny Boy SB2500 inverter) has been chosen for the proposed GCPV system due to the highest value of Sf, which is approximately 0.8131, with 43 PV modules in series in one string, 42 PV modules in parallel in one panel and 132 PV panels in the whole array. This suggests using that an array with the above configuration will achieve a maximum electrical energy of about 198.927 GWh/yr, an actual rated power output of 97.268 MW covering an area of 0.5786814 km 2 . V. This is well below the 3 kV limit. As shown in Fig. 2 and Fig. 3 , the total efficiency of the system, η total , has been achieved for each type of the combination selected. Although all types of combinations have produced efficiency of not less than 62%, type (3) combination attained the highest efficiency of 91%. Fig. 2 : Total efficiency of the PV system for Type (1) and (2) combinations. Fig. 3 : Total efficiency of the PV system for Type (3) and (4) combinations.
SAIMA assumed the annual average SR, S H , equal to 5.64 kWh/m 2 , but if average monthly SR were used for type 3 combination (for example) we would obtain the total power output of the proposed PV array as shown in Fig. 4 . The output power, (P array ) act , is varying between 35 MW, occurring between December and January, and 97.5 MW in June when it is at its maximum. Fig. 4 : Total power output of the proposed PV array at monthly averaged SR.
Conclusions
An iterative approach to the GCPV system sizing has been developed which gives a multicombination of array size and inverter capacity to meet the reliability requirement and the possibility to integrate the proposed GCPV system to Kuwait national grid. The conclusions of the study are summarized as follows:
(i) Monthly and yearly averaged SR profiles influence the size of the PV panel or array, as well as the inverter size, significantly.
(ii) SAIMA curves indicate the importance of the relationship between modules and inverters in the GCPV system. Different PV modules and inverters combinations on SAIMA curve have different array configuration (n p n s ). (iii) The proposed GCPV system using SAIMA exhibits minimum system ratio of the generated energy by the system to the required energy. (iv) Technical sizing outputs such as the number of PV modules, PV panel configuration and inverterto-PV panel sizing factor are the most important outputs of the proposed algorithm for the integration process to the grid.
